Centrocestus formosanusis a digenetic trematode with a complex life cycle, involving 33 invertebrate and vertebrate hosts, humans included. In particular, it causes gill lesions and 34 mortality in freshwater fish species, and gastrointestinal symptoms in infected humans. 35
Introduction 52
3 Digenea are considered the largest group of internal metazoan parasites, including about 53 18,000 species [1] . They are almost ubiquitous, parasitizing a wide variety of vertebrate and 54 invertebrate groups as intermediate or definitive hosts [1, 2] . The importance of digenetic 55 trematode infections in animals and humans has attracted much attention from different 56 disciplines, in particular veterinary medicine. Indeed, most of digenetic trematode 57 metacercariae are detected in freshwater fish hosts [2, 3] , and fish-borne zoonotic trematodes 58 represent a concerning health issue in many Asian countries [2, [4] [5] [6] . Already 20 years ago, 59
the World Health Organization estimated more than 18 million of humans infected with fish-60 borne trematodes, and more than half a billion people at risk of infection worldwide [7, 8] . In 61 particular, the family Heterophyidae stood out for its clinical importance in humans, causing 62 gastrointestinal and extra-intestinal infections [8] [9] [10] [11] . 63
Within fish-borne trematodes, Centrocestus formosanus is a small heterophyid fluke, 64 described for the first time in Taiwan [12] , and widely distributed in Asia [4, 5, [13] [14] [15] [16] [17] ]. Since 65 the 1950's,several authors have reported the introduction of this species in new continents, 66 although its occurrence might still be underestimated [15, [18] [19] [20] [21] [22] [23] [24] [25] [26] .C. formosanus, similarly to 67 other digenetic trematodes, exhibits a complex life cycle, as described by Nishigori[12] . The 68 adults reside in the small intestine of vertebrate definitive hosts, such as birds and mammals. 69
Eggs produced by adult trematodes hatch into miracidia, which use a thiarid snail as first 70 Among the numerous freshwater fish species affected by C. formosanus [19, 20, 31] , zebrafish 84 (Danio rerio) has been suggested as susceptible to infection, but only three reports have 85 been described to date [15, 34, 37] , with a relative low prevalence (20%, 43%, and 5% 86 respectively). 87
Danio rerio is a freshwater fish native to Asia, although it is widely distributed worldwide, 88
probably due to aquarists' and researchers' predilection for it in home aquaria as well as 89 animal model [38] . Indeed, the similarities between zebrafish and mammals led to a rapid 90 increase in the use of zebrafish in scientific research, especially in developmental biology, 91 neuroscience and behavioral research, and it proved to be more advantageous over previous 92 model organisms [38, 39] . 93
The on-going growth of the ornamental fish industry, which includes more than 120 94 countries in the import and export of approximately 1.5 billion ornamental fish per year 95
[40], has led to the appearance of problems in supply, traceability, sustainability, 96 susceptibility to disease, and antibiotic resistance, which affect the trade [41] . 97
Given the importance of C. formosanus infection and dissemination for animal and public 98 health, and the implications for aquaculture, research and food safety, epidemiological 99 investigations should be conducted in new geographical regions, in order to implement 100 appropriate preventive and control measures [18] . 101
The present study reports on the occurrence of C. formosanus metacercariae in the gills of 102 zebrafish previously intended for research. To the authors' knowledge, this is the second 103 report of C. formosanus infections in zebrafish imported in Italy [37] .Since the scarce and 104 fragmentary data present in the European literature [29, 42] are probably due to 105 underestimated and under diagnosed expert evaluation, we propose to increase the 106 awareness and ameliorate the diagnostic investigations to shed light on this zoonosis by 107 morphological and molecular approach. In particular, we propose for the first time a fast and 108 specific diagnostic method based of species-specific PCR primers to detect the presence of 109 this new invasive species. 110 111
Material and Methods 112

Animal Maintenance 113
A total of 30 zebrafish, previously intended for research, was examined. All fish were male 114 and female adult (4-6 month old) of heterozygous "wild type" strain, obtained from local 115 commercial distributor. Fish were housed in groups of ten per 30 L tank, previously filled 116 with deionized water, following an acclimation period of two weeks. Fish were fed two 117 times daily with sterilized commercial food (Sera Vipagran, Germany). The room and water 118 Region 2 (ITS2), using the primer pair 3S (5'-GGTACCGGTGGATCACTCGGCTCGTG-147 3') and BD2 (5'-TATGCTTAAATTCAGCGGGT-3'), previously described [15, 37] .As 148 these primers are not specific for C. formosanus, we designed the species-specific primers 149
ITS2_Centr_F 5'-ATGAAGAGCGCAGCCAACT-3' and ITS2_Centr_R 5'-150 CGTGCAATGTTTGCATCGGA-3'to amplify a 393 bp fragment of the ITS2 region. PCR 151 products were visualized by 1.5% agarose gel electrophoresis. Subsequently, the amplicons 152
were cloned into the pSC-A-amp/kan vector (Agilent), sequenced using the T3 and T7 153 plasmid primers and analyzed using an ABI 310 Genetic Analyzer (Applied Biosystems). 154
The obtained sequences were examined through BLAST analysis.
156
Results 157
Over the total of 30 healthy zebrafish examined, 20 showed miliar gill cystic lesions ( Fig.  158 1). Cysts were small and elliptical. Inside the cysts, the coiled mature metacercariae were 159 characterized by a large, dark, X-shaped excretory bladder (occupying the majority of the definitive hosts [45] . 208
In this regard, humans are also at risk of infection, and fish-borne trematodes have emerged 209
as public health problems in Asia, especially in riverside areas, where the riparian 210 populations are infected by consumption of raw and/or undercooked fish, containing 211 infective larvae (i.e., metacercariae) [7, 29, 45] .C. formosanus was not as prevalent as other 212 fish-borne trematodes, but cases of human infection were reported in the Lao PDR, 213
Vietnam, Thailand, Korea [12, 13, 15, 19, 20, 25, 34, 41] .Symptoms might vary from epigastric 214 pain to indigestion, occasionally accompanied by diarrhea, although the relationship of these 215 symptoms with C. formosanus infection was unclear, because the described patients were 216 also infected by other trematodes [5, 22, 28, 29] .To date, no human cases have been described 217 in the areas recently invaded by this parasite (e.g. US, Mexico, Brazil), nor in Europe 218 [29, 45] .However, further investigation should be conducted, in order to keep a high level of 219 attention on this issue [6, 20, 45] . 220
The recent occurrence of C. formosanus in new hosts and countries suggests that its range is 221 arrival) and disinfection procedures [29, 33, 46] . Additionally, adequate strategies should be 258 applied in aquaculture facilities, including training of traders and farmers, regular 259 examination of farmed fish, elimination of snail populations, avoidance of dispersal of 260 farmed fish, and prevention of access to other species, especially birds and 261 mammals [15, 18, 20, 29, 30, 33, 34] . 262
The current report draws the attention on C. formosanus as an invasive parasite, as well as 263 on other species that might be similarly introduced in Europe, underlining the need of 264 epidemiological studies and appropriate preventive and control programs, in order to 265 monitor their occurrence and prevent their negative consequences for economy, biodiversity, 266 and animal and public health [14, 20, 29, 30, 33, 46, 52] . For these reasons, we propose a fast, Parasitic cysts are visible as miliar white lesions on the gill tissue (black arrow).
Fig. 2. Encysted metacercaria in the gill tissue of infected zebrafish.
40X microscopy evaluation. Note the X-shaped excretory bladder (white arrow) and part of the oral sucker (black arrow).
